Economic theory indicates that opportunity-cost considerations tend to make schooling countercyclical whereas ability-to-pay considerations have the opposite effect. We examine the college enrollment decisions of individuals in the US using the Current Population Survey and find that their propensity to enroll is countercyclical. There seems to be significant substitution during the business cycle between human capital investment and competing economic activities.
Introduction
The influence of the state and the characteristics (e.g. severity) of the business cycle on the demand for education has received scant attention in the existing literature. 1 For instance, well known studies such as those by Orazem and Krottila (1991) , who examine the determinants of both educational and occupational decisions of high school students in the US and Pissarides (1981 Pissarides ( , 1982 , who has studied the demand for education of the 16-and 18-year-old age groups in the UK (see also Rice, 1987 , 1999 , and Leslie and Drinkwater, 1999 have not paid explicit attention to cyclical considerations. Betts and McFarland (1995) , written contemporaneously with our paper, is an exception. They have examined cyclical changes in enrollment at public two-year colleges in the US during 1969 to 1985. They found than an increase in the unemployment rate by one percentage point is associated with a rise in fulltime attendance of about 4.5%.
The objective of this paper is to study the cyclical behavior of the demand for higher education. 2 In the theoretical section of the paper we study the schooling decision within a setup with either homogeneous or heterogeneous labor. In the former case, all individuals select an optimal path for human capital acquisition throughout their lifetime where their earning opportunities vary as a function of both their skill level and of the business cycle. In the latter case, individuals decide which segment of the labor force to join (skilled versus unskilled) and when. The ones who do acquire education subsequently select the timing and quantity of human capital maintenance and enlargement. We study the cyclical dimensions of both of these decisions.
Investment in human capital is affected by the interaction between the ability to pay and the willingness to purchase education (Becker, 1975) . We show that, in the absence of borrowing constraints, the process of human capital accumulation is countercyclical. The pattern, however, can become procyclical with imperfectly functioning credit markets under some-rather restrictive-assumptions on the cyclicality of finance and on the correlation between individual talents and liquidity. We argue that strong procyclicality of student loans, of student aid and grants as well as of part time job opportunities together with a negative correlation between skills and liquidity may negate the opportunity cost effects and induce a procyclical enrollment pattern.
The theoretical analysis demonstrates that the cyclicality of human capital accumulation is ambiguous and underlines the importance of its empirical determination. In the empirical part of this paper we examine the direction and the size of the cyclicality of college enrollment decisions in the United States. 3 We use the school enrollment information in the October supplement of the Current Population Survey to construct a time series of cross sections of 18-to 22-year-old high school graduates. Individuals' propensity to enroll in college displays a strong, countercyclical pattern, after controlling for observable characteristics. For the period of 1968-88 a one percentage point increase in the unemployment rate is associated with about a 2% increase in college enrollment. Simulations suggest that cyclical fluctuations in aggregate economic activity may have caused significant swings in enrollment. For instance, in October 1982, when the unemployment rate stood about 1.9 points higher than 12 months earlier, our estimates indicate that college enrollment would have been lower by about 232,000 were it not for the recession. This is substantial in relation to the reduction in employment between October of 1981 and October of 1982 of about 1.163 million, even though it does not include enrollment of older individuals.
Section 2 presents the theoretical and Section 3 the empirical analysis. We offer some conclusions in the final section.
The model
Consider an economy where all individuals are born with the same initial endowment of human capital (skills). This initial amount can only be augmented in a lump sum fashion by completing college. Those who complete college are called skilled and have the opportunity to further adjust their level of skills by undertaking additional human capital investments. Those who do not complete college simply retain their initial stock of human capital and are called unskilled. This specification is selected so that both college and continuing education decisions can be studied in a very simple fashion.
We will assume that people differ in terms of learning ability, that is, some of them find it easier to go through college than others. As a result, some individual will never become skilled. Moreover, without loss of generality, we will postulate that college education takes one period to be completed; that it results in the creation of H 0 units of human capital; that it can only be pursued full time; 4 and that it carries a direct educational cost of Q t ð jÞ where j is an individual of learning ability level j. In particular Q t ð jÞ ¼ Q t þ gð jÞ dg=dj < 0 jð0; 1Þ ð 1Þ
According to (1), the direct cost of education consists of a time-varying component that is common to all individuals and an idiosyncratic component, which is time-invariant. A high ability individual (higher j ) faces a lower cost of education. An individual j who has not yet gone to college faces the following utility path
where v is utility from consumption, V N and V (to be defined below) are the value function of an unskilled and skilled person respectively, w Nt and w t are the corresponding wages (we abstract from experience as a determinant of earnings), c Nt and c t are consumption levels and B Nt and B t are one-period, discount bond holdings (with an associated interest rate of R tÀ1 ). Finally, H 0 denotes the level of human capital of the newly skilled (note that while the input of the educational activity differs across individuals, the output, H 0 ; does not). Note also that learning ability does not vary with age. Consumption in period t satisfies either
We have normalized the labor endowment of the unskilled to unity. Educational expenses and consumption while attending college must be financed by either income accumulated before hand and/or by a loan. For the time being, we rule out the possibility of borrowing constraints (we also impose a no-Ponzi-game condition). The criterion employed for deciding whether to go to school or not in period t depends on the difference between the two terms in the RHS of (2). Let t ð jÞ be equal to the second minus the first term. That is
Individual j pursues schooling the first time that t ð jÞ > 0. The decision to go to college depends on the expected relative path of wages for the skilled and unskilled, past economic conditions as reflected in the current level of assets, the direct cost of education, the level of learning ability and the current level of wages for unskilled labor. If for individual j, t ð jÞ > 0 for all t then there is no cyclical dimension in his schooling decision. He simply goes to college when he comes of age independent of the current economic conditions. When t ð jÞ > 0 for some but not all t then the cyclicality of college enrollment will depend on the cyclicality of t . It can be seen that d t =dw Nt < 0, d t =dE t ðw tþ1 À w Ntþ1 Þ > 0, and d t =dQ t < 0. The sign of the effect of the real interest rate on can be established by noting that
If a young worker is likely to be a net saver while a young student is likely to be a net borrower then B tþ1 < 0 and B Ntþ1 > 0 implying that d t =dR t < 0. A high current interest rate discourages the pursuit of educational activities due to opportunity cost. But even if both individuals are net borrowers, B tþ1 is likely to be greater (in absolute value) than B Ntþ1 because the college student does not have any current labor income to support consumption and he can also borrow against a higher future income than the low skilled. In summary, the propensity to enroll in college is negatively related to the current wage of the unskilled, the real interest rate, and the direct cost of education, while it is positively related to the expected future wages of college graduates relative to those who remain unskilled. The real interest rate, R, is acyclical whereas the real wage, w is procyclical. It seems, then, that unless the direct cost of education is strongly countercyclical the rate of school enrollment will be countercyclical.
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Let us now turn to the human capital decision faced by a skilled individual. He faces the following lifetime utility path Another important factor is the relative volatility of the wages of skilled and unskilled. If the wage of unskilled labor is more cyclical than that of skilled, as argued by Dellas (1994) (due to differences in hiring or firing costs that induce differences in labor hoarding practices for different types of labor) then the ratio w Nt =w t will be countercyclical. This, in turn, induces countercyclicality in . subject to
where u t is the fraction of his time endowment that is devoted to work. Human capital, H, evolves according to
where is the rate of human capital depreciation ð0 < < 1Þ and is the marginal (and average) product of investment in human capital ð > 0Þ. Maximization of (6) with regard to u t and B tþ1 subject to (7) and (8) leads to the first order conditions (9) and (10) respectively > u ¼ 1
In a partial equilibrium model such as ours where w and R are exogenous and can take arbitrary values, the probability that both first order conditions will be satisfied in an interior solution for u and B is zero. Since u is restricted to vary between zero and unity while B is unrestricted, eq. (10) will be satisfied as an equality but (9) will involve either full time work (u ¼ 1) or full time schooling (u ¼ 0). Moreover, under these conditions, u will be in a corner solution with probability one independent of the stochastic structure of the model. Without any loss of generality and for the sake of exposition we can postulate that w and R follow a deterministic pattern. In particular, for the sake of exposition let w and R exhibit a one-period deterministic cycle. Combining (9) and (10) results in the following solution for u u t ¼ 1 when
The cyclical behavior of schooling activities is fully described by (11). People are more inclined to substitute away from work towards educational activities when the current wage is low relative to future wages and the current interest rate is low. If the real wage is procyclical and the interest rate is not too countercyclical 6 then people will find recessions an opportune time for improving future earning capacity by investing in schooling. That is, as before, a countercyclical pattern of education emerges.
How robust is this result? It can be easily shown that some model modifications will not affect the countercyclicality of education. For instance, allowing for leisure as an alternative margin of substitution away from work effort during recessions does not alter anything in the case of additively separable utility. Or, making the wage a function of the stock of human capital only affects the size of the cyclical pattern. Other alterations are harder to investigate. Studying cyclical effects when the production function has both human and physical capital poses very difficult technical problems in general equilibrium. 7 2.1 Credit constraints Let us again look at the role of credit constraints. Suppose there is a strict borrowing constraint, so that in (7) B t 5 0: In place of (10) we now have (10 0 ) (again assuming a deterministic process for w and R)
Does a binding credit constraint make a procyclical pattern more likely? From (10 0 ) a binding constraint means that v
Combining these two conditions we have that a constrained individual will work full time when
For t ¼ for all t it is obvious that the procyclicality in education becomes less pronounced. People may not go to school even if w t and R t are low because of the additional positive term w t t . Nevertheless, the pattern remains countercyclical as the likelihood that (11) will not hold is negatively related to the values of R and w t =w tþ1 .
If, on the other hand, t varies countercyclically, then (11) reveals the conditions under which a procyclical pattern in the pursuit of educational activities could obtain.
Heterogeneity
Consider now a set of individuals who may differ in initial wealth and learning capacity and may also become active-either economically or educationallyduring periods of different macroeconomic conditions. To capture heterogeneity in the labor force we will assume that there exists an educational activity-such as college-that serves to create different segments in the labor force, with the different segments being imperfect substitutes for one another. Let A it be the level of assets owned by agent i in period t and Q it be the total, direct educational costs that individual i needs to pay in order to complete his education if he enrolls in period t. Cross sectional differences in Q are used as a proxy for differences in schooling ability. In order to highlight the role of borrowing constraints in the presence of heterogeneity we find it convenient to initially ignore consumption smoothing considerations by employing a linear utility function (together with the restriction that consumption cannot be negative). The linearity of the utility function implies that ¼ R so one cannot study the influence of changes in the interest rate on educational decisions.
Suppose that all individuals are born as unskilled. They can then elect to become skilled in any period t by making the appropriate investment in education. Individual i who is still unskilled as of period t has to decide whether he will go to school during that period or whether he will maintain the option to change labor classification later. If he chooses the former then his lifetime utility is given by
Expression (12) is based on the assumption that schooling takes T consecutive periods to be completed and that discontinuation before completion is not possible; and that the wage 8 of a skilled is independent of other personal characteristics (Q i and A i ).
The value function of an unskilled individual i is given by
where an N as a subscript denotes non-skilled.
If the first term in the RHS of (13) is larger than the second term then the individual remains unskilled for at least one more period. Otherwise he enrolls in school. Let
If there are no borrowing constraints then the optimal schooling decision of individual i is as follows: if (14) > (12) for all t then he never invests in human capital. If ð14Þ < ð12Þ for all t then he invests in human capital the first time he faces this choice independently of the level of his assets. Obviously, schooling does not exhibit any cyclical pattern in this case. Finally, if ð14Þ < ð12Þ for some but not all t then the individual goes to school the first time this inequality is satisfied. The question of interest is whether this is more likely to happen during a recession. There are reasons that make an affirmative answer to this question likely. First, w Nt is procyclical. Second, recessions tend to be persistent, which implies that lowskilled wages will likely remain low during at least some fraction of the period of educational pursuits. And third, the wages of the low skilled may be more sensitive to the cycle than the wages of the skilled. Subsequently, the difference T w tþT À w Nt is likely to be greater during a recession. (12) abstracts from any further human capital accumulation that is undertaken by the skilled (as described in the previous subsection). It is a trivial task to allow for additional human capital fine tuning. 9 If we allow for unemployment, than the relevant comparison involves expected incomes, that is p tþT w tþT À p Nt w Nt where p represents the probability of employment. There exists some evidence that the p N is more cyclically sensitive than p (Abowd and Ashenfelter, 1984) . We examined the empirical behavior of w t À w Nt but did not find any cyclical pattern.
are only weakly cyclical then they may be negated by a strongly countercyclical Q. While tuition and fees do not seem to be countercyclical at all, such costs net of government and employer subsidies may very well be. The analysis has been carried out under the assumption of a linear utility function, which rules out consumption smoothing motives. Nevertheless, one can apply the argument used earlier in the case of homogeneous labor under perfect capital markets to establish that consumption smoothing is not an obstacle to opportunity cost considerations. A countercyclical pattern in education obtains even under heterogeneity as long as credit constraints are absent.
We now turn attention to liquidity constraints. We assume that prospective students face quantitative constraints concerning the amount of loan they can obtain.
10 Let K t be the maximum amount of loan permitted. Let M be the number of individuals with an initial level of assets A i0 and direct cost Q it such that A i0 À Q it > 0; and N be the number of those with A i0 À Q it < 0. Of the M (rich) individuals let M1, M2, and
be those for whom ð14Þ > ð12Þ 0 for all t, for some t, and for no t respectively. Subsequently, M2 of the affluent people will follow a cyclical pattern, and more specifically a countercyclical one because this groups is driven by opportunity cost. Of the N people let N1, N2 and N3 ðN1 þ N2 þ N3 ¼ NÞ be those for whom ð14Þ > ð12Þ for all t, for some t, and for no t respectively. Subsequently, among poor people, N1 þ N2 individuals would want to undertake schooling. To make the borrowing constraint cyclically interesting it can be assumed that for the N1 group, A 0 þ K t À Q t > 0 only during expansions. 11 Obviously, N1 individuals will enroll immediately if the current period is an expansion but not if it is a recession. Things are more complicated for the N2 individuals because they face a conflict between desirability and feasibility. Schooling may be desirable but not feasible during a recession and feasible but not desirable during an expansion. This group's cyclical behavior depends on the relative importance of income and opportunity cost effects. The general pattern that emerges from the preceding discussion is that the cyclical sign of schooling is ambiguous when a subset of the population is credit constrained. The main factor is the relative size of the two population groups, M2 and N1: 'average' ability individuals who have the necessary resources versus 'high' ability individuals who do not. And also the responsiveness of these groups to the 10 A similar analysis can be carried out under the assumption that it is the borrowing rate instead that varies over the cycle and across different individuals. 11 This may be a plausible scenario for several reasons. First, the maximum amount of load may depend on the value of available collateral (for instance, the market value of real estate owned), and the latter is likely to be procyclical. Second, grants and general school financial assistance may be procyclical as spending on education on the part of state authorities as well as private donors may be procylical. And third, part time job opportunities (an element that the present analysis abstracts from) may be more plentiful during good times, a factor that reduces the required amount of loan. state of the business cycle. The study of the actual pattern of aggregate school enrollment can provide information on the relative importance of these two groups and hence on the relative importance of economy wide opportunity cost versus liquidity factors (the cyclical sign of M2-N1). It must also be kept in mind that the relative size of these groups may well vary with the particular schooling decision (e.g. college, vocational) as well as the age group considered. The study of the schooling decisions of different cohorts may then shed light on the type of existing borrowing constraints.
Dropping the linear utility assumption increases the strength of income effects and makes a procyclical pattern more likely to emerge under liquidity constraints. This is due to the fact that the marginal utility of consumption is high when income is low. Hence, the utility loss of taking income away from consumption to finance investment in education is higher during recessions (the future benefits due to education are also smaller because of the decreasing marginal utility of consumption).
The empirical results

The data
We use the School Enrollment information available in the October tapes of the Current Population Survey (CPS) conducted by the US Bureau of the Census. The October CPS is the most comprehensive source of data on college enrollment that we could locate spanning enough years to facilitate the study of enrollment behavior over the business cycle. We use data from 1968 to 1988. The time period covered includes four recessions for the US economy: Our sample consists of all high school graduates between the ages of 18 and 22 surveyed during each of these years. Individuals of age 18 to 22 constitute the bulk of those enrolled in college. Because different individuals are interviewed (in general) in different years we cannot follow them through time, that is, we do not have longitudinal data. Thus, we cannot address the persistence of college enrollment decisions of individuals. We can examine, however, how these enrollment decisions of individuals vary over the business cycle after controlling for individual-specific demographic and other characteristics. The sample consists of 202,597 individuals. The minimum number of observations during a year is 7,815 and the maximum is 12,174 individuals (see the Appendix for variable definitions and Table 6 for their mean values).
We consider an individual enrolled if she attends a 2-year or 4-year college full-time or part-time. We use three measures for the cyclical state of the economy. The first two, the total civilian unemployment rate, and the firstdifference in (log) real GNP are commonly used in the literature that studies the cyclicality of real wages (e.g. Solon et al., 1994, and Abraham and Haltiwanger, 1995) . 12 The third is a measure of the cyclical component of GNP constructed by Cochrane (1994) , which we call the 'Cochrane measure'. 13 The Appendix contains means of some of the explanatory variables.
Cross-sectional studies of college enrollment (using primarily the data set 'High School and Beyond') have shown that parental background variables such as their level of education and income are important in predicting college enrollment (see Manski and Wise 1983) . Unfortunately, the October CPS survey does not contain adequate information to recover parental background variables for our sample of students. This is a limitation in the empirical analysis that we will present. 14 In Section 3.2 below we deal with the question of the existence and sign of cyclicality in schooling. In Section 3.3 we examine more closely the determinants of enrollment decisions identified in the theoretical part of the paper.
3.2 The cyclical behavior of college enrollment Figure 1 contains a time plot of detrended aggregate unemployment and enrollment rates. The enrollment rate seems to display a countercyclical pattern. This can be seen also in Table 1 , which contains the results of regressing the aggregate enrollment rate on the unemployment rate. An increase in the unemployment rate by one percentage point is associated with an increase in the enrollment rate of about 0.57 percentage points. The total number of 18-to 22-year-old high school graduates over the years in our sample is displayed in Fig. 2 12 We have also repeated the analysis with unemployment rates for 18-22 year old high school graduates and 22-30 year-old high school graduates that we constructed from the tapes and the qualitative nature of the results did not change. 13 To obtain this 'cyclical' component one removes the trend, which is constructed as log consumption less the mean log GNP/consumption ratio. Cochrane (1994) shows that if consumption were a pure random walk (as it would be according to the permanent income model) then this series would correspond to the Berveridge and Nelson (1981) trend in GNP. This is a good approximation, in practice, since consumption growth is not very predictable. The Cochrane measure we use is the average over the four quarters of the year. All reported results were qualitatively unchanged by using just its value in the third quarter. The correlation between the Cochrane measure and the detrended unemployment rate is high (À0.72). 14 The information to map students to parents exists only after 1983. Even then this can be done only for individuals that lived with their parents while attending college, a small fraction of the sample. Kane (1994) obtains parental background information by limiting his sample to dependent 18-and 19-yearold and by identifying the household head and spouse as the parents of the youth. We did not follow this approach for various reasons. We wanted to maintain as large and as representative a sample as possible so we did not drop individuals of ages 20 to 22. This resulted in the number of dependent youths dropping sharply. It is indicative that 23% of the youths in our sample are married and (most likely) independent. Furthermore, it is most likely that single young individuals who are independent are working and not enrolled in college. By excluding them on the basis of lack of availability of parental information we would be biasing our sample towards including more enrolled individuals. Finally, identifying the household head and spouse as the parents of the youth introduces a source of measurements error.
We turn to the analysis of individual-level data. We use probit analysis to examine the time variation of the enrollment decisions of US high school graduates after controlling for certain individual specific characteristics (age, gender, race, marital status, region and state of residence, residence in an urban area or SMSA, and others). The values of the estimated coefficients on year effects are indicative of time variation in the propensity to enroll after controlling for individual characteristics. There is significant time variation in this propensity.
15 Figure 3 contains these year effects together with the aggregate enrollment rates. As may be seen from there the enrollment rate varies between about 37 and 47% and the correlation between the two series is 0.46 (0.84 after detrending them). The main difference seems to be in years 1976 and 1977: whereas the aggregate enrollment rate 158 on the cyclicality of schooling remained steady during those years the propensity of individuals to enroll fell quite dramatically. During the preceding and following years the two series move in similar manner.
Replacing the year effects with trend terms and the US civilian unemployment rate we find evidence of a countercyclical pattern of college enrollment decisions.
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The coefficient of the unemployment rate (see Table 2 ) is significantly positive. This indicates that the effect of the procyclical variation in the real wage and in h. dellas and p. sakellaris 159 16 The restriction that the year effects can be expressed in terms of the unemployment rate and linear, quadratic, and cubic time trends cannot be rejected at the 1% level of significance. The value of the 2 ð16Þ statistic is 31.18. The results reported in Table 2 did not change when we dropped the cubic time trend.
other elements of the opportunity cost of education overwhelms the effect of the (possibly procyclical) variation in the ability to pay for education. The marginal effect on the average probability of enrollment in college of an increase in the unemployment rate by one percentage point is 0.8 percentage points (with a standard error of 0.15), more than a 2% change. 17 This estimated association between the unemployment rate and enrollment rates is about 40% higher than found in Table 1 using aggregate data. Using the other two cyclical measures we arrive again at the conclusion that college enrollment is countercyclical. An increase in the growth rate of GNP by one percentage point is associated with a drop in the average probability of enrollment in college by 0.11 percentage points (with a standard error of 0.06). A value of the Cochrane measure of 0.01, which corresponds to the level of GNP being 1% above its trend, is associated with a lower average probability of enrollment by 0.47 percentage points (with a standard error of 0.12). 18 Having established that the 160 on the cyclicality of schooling 18 In order to compare the magnitude of the marginal effects implied by the three business cycle measures we multiply them by the standard deviation of the respective measure: 1 for the detrended unemployment rate, 0.016 for the Cochrane measure, and 0.023 for the GNP growth rate. The associated marginal effects are, then, 0.8, 0.75, and 0.25 percentage points respectively. The fact that the GNP growth measure implies a different magnitude is not surprising since it captures changes in the level of economic activity whereas the other two measures capture the level. Finally, note that the unemployment rate is measured in percentage points (e.g. 6 percent) whereas the growth rate of GNP and the Cochrane measure are measured as a fraction (e.g. 0.04).
college enrollment decisions of individuals are responsive to the business cycle we examine whether the absolute magnitude of this response is different in expansions than in contractions. We classify a year as a contraction if the unemployment rate rose during that year. Table 2 (second column) contains the results of allowing the coefficient on the unemployment rate to differ in contractions. The exclusion restriction cannot be rejected at standard levels of significance.
19 It seems that the response of enrollment is symmetric to the stages of the business cycle.
3.2.1 Simulations It is interesting to examine how predicted aggregate enrollments, and therefore the acquisition of human capital, would change as a result of a decrease or an increase in the amplitude of the business cycle. We present here the results of a simulation where, in a sense, we 'shut down' the business cycle. If the economy were growing at its trend level during these years as opposed to its observed cyclical deviation from its trend what would have been the differences in college enrollments? This simulation should be viewed as a means of assessing the magnitude of the average marginal effect reported above in terms of the observed cyclical fluctuations.
20 Figure 4 contains the results of the simulation (the plot with diamonds). 21 The results plotted there were obtained as follows. First, we detrended the unemployment rate by fitting cubic polynomial trends. Using quadratic trends did not alter the results significantly (these results are available from the authors upon request). Then, we calculated for each year the average treatment effect of removing the cyclical component in the unemployment rate. This was the change in the probability of enrollment as predicted by the probit, averaged over all individuals in a year. The numbers are quite dramatic for certain years. Specifically, it is predicted that if the economic activity in 1979 had not been at its observed high level college enrollments would have been higher by about 204,000 students. This translates to a 1.3 percentage point increase in enrollment rates (a change of 3.4% 20 Several caveats are in order. We assume that the decrease in the amplitude of the business cycle does not alter the sensitivity of enrollment to the level of economic activity as measured by the coefficient on the unemployment rate in our probit. Clearly, that is not going to be the case since the relationship estimated here is not structural. Another assumption is that a change in the amplitude of the business cycle would not affect the trend growth rate of the unemployment rate. This might not be warranted. Drazen (1985) provides a mechanism for an interaction between fluctuations and the natural level of economic activity. Similar mechanisms have been suggested by models of hysteresis. 21 The results plotted there were obtained as follows. First, we detrended the unemployment rate by fitting cubic polynomial trends. Using quadratic trends did not alter the results significantly (these results are available form the authors upon request). Then, we calculated for each year the average treatment effect of removing the cyclical component in the unemployment rate. This was the change in the probability of enrollment as predicted by the probit, averaged over all individuals in a year.
A related issue concerns the approximate impact of 'shutting down' the business cycle on the part of human capital stock that is due to college education. We calculate this stock for 1988 from the enrollments of previous years using a 'perpetual inventory' method and assuming various rates of depreciation.
22 Figure 5 compares the actual stock (first bar), the fitted stock (second bar), and the simulated stock when the business cycle has been eliminated (third bar). The predicted 162 on the cyclicality of schooling There are several maintained assumptions here. First, the flow investment for human capital is the number of students enrolled during the period. Second, all types of study (e.g. liberal arts versus engineering, 2-year versus 4-year institution) have the same marginal productivity. Third, the creation of human capital in different calendar years (e.g. 1968 versus 1988) has the same marginal productivity.
change in human capital stock is negligible (average enrollments increase by about 10,000 students). This is a result of three features of this simulation: First, the response of enrollment decisions to the stages of the business cycle is symmetric with respect to 'good' times and 'bad' times. Second, the deviations from trend of the unemployment rate sum to zero, by construction. In a linear model, then, the average impact of expansions would cancel out the average impact of contractions.
Since the model here is non-linear, this turns out to be only approximately true. Third, the aggregate amount of human capital is a linear function of investment in human capital. We modify the second feature now by using the deviation of the unemployment rate from its natural level as the measure of the business cycle's impact on enrollment decisions. The natural level is captured here by Robert Gordon's NAIRU (non-accelerating inflation rate of unemployment), which ranges between 5.6 and 6.0 until 1980 and is 6.0 in the 1980s. The deviation ranges between À2.1 and 3.7 with an average of 0.61. The predicted differences in enrollments are now quite different and more dramatic (see Fig. 4 , the 'squares' plot). Enrollments would have been lower in 1982 by about 408,000 students; a difference in enrollment rates of about 2.5 percentage points. At the opposite end, had the economic activity been at trend in 1969 enrollments would have been higher by about 168,000 students: a 1.3 percentage point increase in the enrollment rate. As a result of the elimination of the business cycle the stock of human capital would decrease by 1.3% to 1.7%, depending on the assumed depreciation rate (see the the fourth bar in Fig. 5) .
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The precise impact, then, of the business cycle on the aggregate human capital stock in the above simulation depends on the measure of the cyclical component. However, we can firmly conclude that at any point in time during the business cycle there is significant substitution between human capital investment and competing economic activities. 24 In 1982 when the unemployment rate stood about 1.9 points higher than in the previous year, the worsening in aggregate economic conditions was associated with college enrollment that was higher by about 232,000. This number reflects movements into the education sector of 18-to 22-year-old high school graduates only but is, nonetheless, substantial when contrasted with the (net) change in total civilian employment observed between October of 1981 and October of 1982 of about 1.163 million.
A natural question to ask next is whether this represents substitution by individuals in education across time also. Does the cycle affect the level of a particular individual's human capital temporarily or permanently? Unfortunately, we cannot answer this question satisfactorily since we do not have longitudinal data. We note, 23 The Cochrane measure of the cycle has an average very close to zero so it would not predict any effect on the human capital stock as opposed to GNP growth, which was positive on average. 24 We confirmed this using the GNP growth rate. In this case the magnitude of the response was lower but still substantial. The growth rate of GNP would be the appropriate measure for the simulations if youths respond to the rate at which the economy grows (i.e. its vigor) rather than its current level.
however, that, other things equal, the expected probability of enrollment of a 19-year-old is about five points lower than that of a 18-year-old. The corresponding difference is nine points for 20-year-old, 12 points for 21-year-old, and 22 points for 22-year-old. This indicates that youths that substitute away from college education in a boom year are less likely to go to college later on when economic activity falls. The increase in college enrollment during a subsequent recession seems to come from increased participation of new cohorts of high school graduates. This indicates that for some individuals the effect of cyclical fluctuations on their level of human capital is persistent.
Is there a change after 1978?
After examining the series of enrollment rates as well as that of the year coefficients it seems that their behavior changed dramatically around 1978. Before 1978 there seems to be a downward trend in enrollment which reverses itself to an upward trend after that. At the same time the variability of the series seems to have dropped substantially. Indeed, we can reject the null that the coefficients on the trend terms and the unemployment rate did not change after 1978. 25 The responsiveness to the unemployment rate was considerably lower after 1978. The marginal effect of the unemployment rate fell from 1.44 (with a standard error of 0.21) to 0.59 (0.20).
What could be underlying this change in trends and in volatility? It is easier to offer explanations for the change in trends. One explanation could be the changing behavior of the college 'wage premium'. It has been documented (see Katz and Murphy, 1992 , among others) that this premium fell steadily throughout the 1970s. The 1980s, however, brought a reversal of this trend and large increases in the returns to education. Another explanation involves the steady decreases in the net direct cost of college education in the 1970s followed by increases in the 1980s (Kane, 1994 , documents this trend as do other studies). Finally, the size of the cohort of high school graduates had been increasing until 1981. After the last baby boom cohort the number of high school graduates was trending downward. Stapleton and Young (1988) argue that the cohort size should be negatively related to educational attainment.
3.2.3 Are there differences across gender, race and ethnicity? We now turn to exploring whether there are differences in the time variation of individual enrollments by gender, race, or ethnicity. As may be seen in Table 3 , the degree of enrollment cyclicality is roughly similar for males and females.
The same table also provides evidence that there are some differences across ethnic groups in the cyclicality of enrollment. In particular, the propensity to enroll for minority individuals is less cyclical than that of whites. In fact, in separate results (available upon request) we found that there is a break in 1978 with the Table 2 and the associated tests were not sensitive to shifting the break point one year earlier or later.
propensity to enroll displaying strong countercyclical patterns before that year but no cyclicality after it.
3.2.4 Looking at multinomial choices Young people contemplating whether to enroll in college or not are faced with more options than two. 26 There are three distinct and economically quite different alternatives to enrolling: become employed, become unemployed, or drop out of the labor force. We now examine briefly whether explicit modelling of this multinomial choice alters our results on the cyclical behavior of enrollment. Table 4 (panel A), which contains the results of the multinomial logit, shows that when the unemployment rate increases individuals are more likely to enroll in college, become unemployed, or drop out of the labor force, and less likely to become employed. It is interesting to note that the degree of enrollment countercyclicality estimated from a multinomial logit is very close to the estimate from a simple probit (see Table 2 ). An increase in the unemployment rate by one point leads to an increase in the probability of enrolling by 0.87 points. It seems, then, that our analysis of cyclical behavior was not compromised by the simplicity of the probit.
Another interesting choice that young individuals are faced with is whether to enroll part-or full-time (or not at all). Drawing on our results from panel A of Table 4 , we will now abstract from modelling the choice to become employed, unemployed, or drop out of the labor force separately and lump all three into the choice of not enrolling. Panel B contains the results of this trinomial logit.
Both full-time and part-time enrollments are countercyclical. However, an increase in the unemployment rate by one point is associated with a much higher increase in the probability of enrolling full-time (0.60 points) as opposed to part-time (0.17 points). This fact coupled with the observation that on average h. dellas and p. sakellaris 165 full-time enrollment in college is much higher than part-time enrollment suggests that the cyclical behavior of enrollment is driven by the full-time margin.
Finally, we examine a young individual's decision of whether to enroll in fouryear or two-year college again lumping all other decisions together as before. We have information on this margin starting in 1970 only. Enrollment in four-year institutions of higher education is overwhelmingly larger, the ratio being about seven to three over the 19 years examined here. An interesting fact that comes out of panel C is that enrollment at two-year colleges is much more countercyclical than that for four-year colleges. The marginal probability effect of an increase in the unemployment rate by one point is 0. 43 and 0.19 respectively. 27 This result complements the finding of Betts and McFarland (1995) that aggregate enrollment at public two-year colleges in the US during 1969 to 1985 were strongly countercyclical. Furthermore, it shows that the cyclical behavior of total enrollment is not driven completely by the two-year margin. Since average enrollment in four-year 166 on the cyclicality of schooling 27 An anonymous referee prompted us to look into the relative cyclicality of these two margins guessing, correctly, that counter-cyclical enrollment will be stronger for two-year enrollment. An explanation the referee gave is that students are unsure of the length of a recession and might not want to enroll in a four-year college if there are fixed costs to entering or exiting higher education. colleges is much larger the contribution of the two margins to cyclical movements is roughly equal.
Before concluding this sub-section let us briefly comment on two other variables, 'learning ability' and the 'socio-economic background' of the parents. Learning ability is certainly an important determinant of the enrollment decision. Unfortunately, we do not have a measure of prior attainment such as test scores in the Current Population Survey. How does this omission affect the coefficient on unemployment in the probit? That depends on whether a recession increases individuals' propensity to enroll by roughly the same amount independent of their ability. If this condition holds (roughly, that ability has a fixed effect) and the population distribution of abilities does not change systematically over the business cycle (which seems reasonable to assume) then the coefficient on unemployment should not be affected much (despite the non-linearities of the probit).
If, however, a recession increases individuals' propensity to enroll more (or less) depending on learning ability then we may be over-or under-estimating the coefficient on unemployment with no clear sense of which is more likely.
The above discussion of the implications of omitted 'learning ability' applies also for omitted 'socio-economic background' of parents. Unfortunately, the main microeconomic data sets in the US, such as the Current Population Survey or the Decennial Census, lack any family background data. More specialized data sets such as High School and Beyond cover only a narrow range of cohorts and are not as suitable for the study of the effect of the aggregate business cycle on enrollment.
Economic factors and the enrollment decision
In the theoretical section of this paper we argued that certain economic variables should influence enrollment decisions. In this subsection we test the role of some of these. Where possible we use data at the individual or state level so as to take advantage of additional variation between states at a given time period. The unemployment rate, the cost of tuition, and average weekly earnings in manufacturing are state-specific. Table 5 contains the results and we will concentrate on the second specification (see Table 6 for details of the explanatory variables).
The coefficient on unemployment is significantly positive. An increase in the state unemployment rate by one percentage point increases the average probability of enrollment in college by 0.28 percentage points (with a standard error of 0.1). The significance of the unemployment rate even when controlling for other cyclical variables may be due to a number of reasons. Increases in the unemployment rate increase expected unemployment insurance payments and, therefore, the benefit to pursuing activities competing with employment. In addition, it may be the case that the current unemployment rate contains information about future wages and interest rates not contained in the contemporaneous values of these variables.
Another variable related to local labor market conditions is earnings while employed, which is a competing activity. The estimated sign is, as expected, nega-tive and significant. An increase in the average weekly real earnings in manufacturing by $40 (roughly a $1 rise in the hourly real wage measured in constant 1983 US dollars) is associated with a decrease in the average probability of enrollment by 0.8 points (with a standard error of 0.32).
The real interest rate has a significantly negative impact. An increase of the real interest rate by one point is associated with a decrease in the average probability of enrollment by 0.31 percentage points (with a standard error of 0.08). This conforms to the theory in Section 1. Much of this association is due to the negative values of expected real interest rates in 1976 and 1977, years when the propensity to enroll fell whereas observed enrollment rates remained steady (see Fig. 3 ).
We also included in the probit a variable, called 'college earnings differential', intended to measure the differential in expected lifetime earnings in the post investment phase, in other words, the return to college education. We constructed this variable for each individual following closely the methodology in Pissarides (1982) and Leslie and Drinkwater (1999) . The coefficient is significantly positive and indicates that an increase in the differential by 1% increases the probability of enrollment by 0.32 points, or about 0.8% (since the average enrollment rate is 40% over the whole period). This elasticity estimate is quite high.
Two other variables turn out not to have significant effect: the size of the cohort of high school graduates, and tuition costs. Thus, we do not find evidence in the data of the hypothesis, discussed in the end of the last subsection, by Stapleton and 168 on the cyclicality of schooling Notes: The number of observations is 202,524. The first line for each entry contains the estimated coefficient, the second line the marginal effect. Robust standard errors (corrected for clustering/group aggregation) are in parentheses. The specification also includes the following variables: AGE, AGE 2 , gender race interaction dummies, SMSA dummy, two dummies for Hispanics living in the West and in the South, a dummy for blacks living in the South, marital status dummies, state dummies, and linear, quadratic, and cubic trends. Young (1988) that the cohort size should be negatively related to educational attainment.
In summary, our findings indicate strong responsiveness of high school graduates to the opportunity costs (variables capturing local labor market conditions), the return to, and the financing costs (the expected real interest rate), of college education. There seems to be, however, lower responsiveness to the direct costs of college education. The latter result, however, might be due to our state-specific measure of tuition costs not capturing correctly the direct cost of education for the marginal individual.
Conclusion
Macroeconomic theory suggests that people respond to changing cyclical conditions by engaging in intertemporal substitution of activities. During recessions individuals are thought to redirect activities away from work toward leisure (Kydland and Prescott, 1982) and home production (Benhabib et al., 1991) . In Hall's (1991) framework labor is redirected from production to the formation of organizational capital. In this paper we have suggested an alternative substitution activity, namely schooling. We provided evidence that young individuals' propensity to h. dellas and p. sakellaris 169 enroll in college is strongly countercyclical. Severe recessions may have been associated with increases in college enrollment of up to 400,000 by some measures. The precise impact of cyclical economic activity on educational attainment does depend on the measure of its amplitude used. None the less, it is large for all the measures that we have employed. Our finding is important. It suggests the need for dynamic general equilibrium models of the economy, such as Real Business Cycle ones, to incorporate substitution between human capital accumulation and other economic activities. This may modify the predictions of these models regarding the nature of cyclical fluctuations. It may also clarify the importance of a potential link between short run fluctuations and long run growth: that of human capital accumulation.
